The selection of quality gemstones requires a special ability to select and assess the quality of gemstones to be traded. The diversity of types of gemstones and consumers becomes an obstacle in itself when the knowledge and ability of individuals to analyze the quality of gemstones is minimal. The decision-making method used is Fuzzy Analytical Hierarchy Process (F-AHP) method which is widely used in various sectors. F-AHP is easy to adapt to many decision issues; the research proposes a decision-making system using the F-AHP algorithm to analyze the quality of gemstones. The results obtained with the use of F-AHP model in the selection of quality gemstones show the highest quality of gemstones of all stones compared, Rubi 1, with a weight value of 0.152942.
Introduction
Many times, we are always faced with several options for the right decision-making. It is difficult to determine an accurate choice according to predetermined criteria. Decision-making issues are also experienced when selecting quality gemstones. For the gemstones entrepreneur, special skills are required to select or assess the quality of gemstones to be traded. The diversity of types of gemstones and consumer types in choosing gemstones is certainly a constraint when the data is incomplete and there is a lack of individual knowledge about analyzing the quality of gemstones.
To maintain the consistency of product quality and in accordance with the demands of the market, it is necessary to have quality control on eligible products, so that the error does not happen again. The system to be created is a solution that can assist decision-making for decision-makers in assessing and selecting quality gemstones accurately and effectively.
In previous research, several studies using the F-AHP method have been proven from several previous studies with the conclusion that the F-AHP method can be applied and effective for many problems in real life. Chien-Chang Chou and Ker-Wei Yu [1] propose a hybrid fuzzy AHP to deal with the decision-making problems in an uncertain and multiple-criteria environment choice. The F-AHP adopted by the research [2] , which combines the AHP with fuzzy set theory, can not only capture the thinking logic of human beings but also focus on the relative importance of the evaluation criteria. In journal [3] , the result obtained shows the best balance of performance for criteria from different categories such as physicochemical properties as well as safety, environmental, and health aspects. The assumption made in F-AHP approach is that all the criteria involved are independent of each other. However, in practice the relationship among criteria is usually complex, and there might be interdependencies.
To control the quality, we need a relevant element and method [4] ; fuzzy model can be used with various mcdm methods [5] . F-AHP model is a good referral for decisionmakers [6] . The fuzzy AHP method is applicable as a control for the quality and is useful for multicriteria decision-making problems [7] . The criteria people think of are the size that makes the quality of the gemstone better but with other criteria as a comparison can make the quality of smaller stones better than larger ones [8] .
By using F-AHP method we can help a decision-maker to make more efficient, flexible, and realistic decisions based 2 Advances in Fuzzy Systems upon the available criteria and alternatives [9] . Therefore, the authors wish to apply the F-AHP method to determine the quality of gemstones.
Data Availability
The data and criteria in Table 1 were collected by consulting the director of Kantor Promosi Batu Mulia Indonesia. The data can be seen from the stone certificate issued by Kantor Promosi Batu Mulia Indonesia. Every time we buy gemstones we will get certificate of authenticity of stone; in the certificate there are criteria of stone.
Materials and Methods
Analytic Hierarchy Process (AHP) is a decision support method developed to complete problem by breaking the solution problems, grouping them, and then arranging them into a hierarchical structure. To obtain priority criteria, this method uses a comparison of criteria paired with a measurement scale that has been determined. The main input of the AHP method is the perception of experts or experts, so there is a factor of subjectivity in retrieval decision. This method also takes into account data validity with inconsistency limits [10] . However, considerable uncertainty and doubt in giving an assessment will have an impact on the accuracy of the data and the results obtained. Based on this, further theory was developed, namely, the method of Fuzzy Analytic Hierarchy Process. Fuzzy Analytic Hierarchy Process is a method of Analytic Hierarchy Process (AHP) developed with fuzzy logic theory. Fuzzy AHP method is used similar to the method of AHP. It is just that the Fuzzy AHP method sets the AHP scale into the fuzzy triangle scale to be accessed priority.
In this section, the F-AHP method was developed. The procedure used in the proposed method is described as follows.
Step (define the problem and determine the desired solution (see Figure 1) ). We need to define the problem according to the criteria used to determine the gemstones of quality. Specific gravity, color, hardness, cutting, and clarity are used as the main criteria for determining gemstone quality. This is some data from the gemstone certificate (see Table 1 ).
The weight of the stone has a unit of carat (ct); the greater the weight of a gemstone, the greater its size. Stone hardness unit is called Mohs because the name of the first person to do research on the hardness of a gemstone was Friedrich Mohs, a geologist and mineralogist from Germany in 1812. The clarity level of a gemstone is divided into IF, VVS1, VVS2, VS1, VS2, I1, I2, etc. The gemstone color level is seen from the level of clarity of color seen by the eye, given the levels of B, A, AA, AAA, and so on. The level of cutting quality is seen from its proportional and symmetrical shape of gemstones pieces.
Step (create a comparison matrix (see Figure 1) ). After we know the data and criteria stone in Table 1 we need to create a comparison matrix. The matrix used is simple, has a strong position for the consistency framework, obtains other information that may be required with all possible comparisons, and is able to analyze the overall priority sensitivity for changes in consideration.
Here are the equations used to define pairwise comparisons:
where n denotes the number of criteria compared, W i are weights for the i criterion, and a ij is the ratio of the weight of the i criterion and j. After knowing the comparison of its criteria in Table 2 , the next thing done is to normalize each column into the Advances in Fuzzy Systems 3 
matrix form by dividing each value in the column i and row j with the largest value in column i.
Then the results of the matrix normalization from Table 2 are obtained as follows: 
Step (checking for consistency (see Figure 1) ). The comparison of the consistency index with a random generator (RI) value is listed in Table 3 set by Saaty [10] . This value depends on the matrix order n.
Consistency is expected to be near perfect to produce a decision that is close to valid.
Here is the equation used to calculate the value of consistency.
First we must recognize the value of the eigenvector which is the weighted value of the criterion. To calculate the eigenvector, we use the following equation:
is the eigen vector, wherêis the sum of the matrix normalization values and is divided by the number of criterion ( )
The largest eigenvalue is the number of times multiplying the number of columns with the main eigenvector (see Table 4 ). So it can be obtained by the equation 
After obtaining maximum lambda value, the value of CI can be determined.
where CI is the consistency index and maximum lambda is the largest eigenvalue of the n-order matrix. 
If the value of CI is zero (0), this means the matrix is consistent. If the value of CI obtained is greater than 0 (CI> 0), then the limit of inconsistency applied by Saaty is tested. Testing is measured using Consistency Ratio (CR), i.e., index value (Table 3) , or comparison between CI and RI. =
The RI value used is in accordance with the order n matrix.
If the CR of a smaller matrix is 10% (0,1), this means that the inconsistency of each opinion is considered acceptable. 
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Step (set up Triangular Fuzzy Number (TFN) (see Figure 1) ). The F-AHP scale has three values, namely, the lowest value (lower, L), middle value (median, M), and highest value (upper, U). So each fuzzy set will be divided into 2 (see Figure 2) , except for the same comparison set, or can be seen on the TFN scale (see Table 5 ).
Based on the index (see Table 5 ), the comparison value in Table 2 will be made into a TFN set (see Table 6 ).
Step (calculate the weight value of the fuzzy vector (see Figure 1) ). After the AHP comparison value is transformed to F-AHP scale value, fuzzy synthesis value is calculated. The process to get fuzzy synthesis value is shown using equation of the following formula:
Information:
= fuzzy synthesis value ∑ =1 = summing the cell value in that column starting from column 1 in each row matrix i = row j = column After the comparison of fuzzy synthesis values (see Table 7 ), we will get the defuzzification ordinate value (d ).
From the above calculation, we can calculate the values of v and d . To calculate V we use the equation of the following formula.
Calculating the value of the fuzzy vector weight (W ), calculation of the fuzzy weight value is shown using the equation of the following formula Table 2 ) is changed to TFN referring to the TFN scale. collecting ordinate values that have been previously obtained, as below.
Normalization of vector weight values is obtained by the equation of the following formula, = ( ( 1) , ( 2) , . . . , ( )) T (15)
Step (ranking and selection of decisions (see Figure 1) ). Next is to do an alternative value calculation where the alternative settlement measures are the same as the completion steps on the criteria. Each alternative element's weight value (see Table 8 ) will be calculated by the weight of the criteria element and will be directed to get the decision result.
Result and Discussion
The built system consists of several menus that are the stages in running the decision support system. The first thing to do is login first. To be able to use this system we need to login. After login, we will enter into the main menu. On the main page the F-AHP algorithm and any data needed to start the system process are explained. After that alternative data and criteria are entered into the system. The gemstone data we have need to be input into the alternate data input page according to the criteria along with the criteria data we input into the input data page criteria. The next thing to do is to provide a comparison of the criteria and the value of alternative comparison to each criterion. After all has been done, next we can do the following process. In the process page we can see the value of criteria comparison and TFN set of criteria. When the process is completed, this will result in the ranking of each alternative; the decision-maker can determine which gemstones are qualified from the gemstones being compared. From the ranking results in Figure 3 and Table 9 , it can be concluded that alternative 1 has the most optimum weight value compared with other alternatives. Therefore, a decision can be made that Rubi 1 is the highest-quality gemstone of all stones compared.
Conclusion
The conclusion of this research is as follows: we created a system that can assist decision-making in assessing and choosing quality gemstones accurately and effectively by using F-AHP algorithm.
The focus on the decision of the system is more on the decision of stones based on the same type of stone name; this is because, for the decision system to be more appropriate and relevant for use as a consideration in decision-making, it is impossible to compare one stone with stones of different types, not in the same class quality, so the end result of the system is based on the classification of the type of stone name.
As shown in Figure 3 we obtained the result by using the F-AHP model in the selection of quality gemstones Rubi 1 with a weight value of 0.152942, Rubi 2 of 0.075731, Ruby 3 of 0.050075, and Ruby 4 and Rubi 5 of 0. This weighting value indicates that a gemstone of the highest quality is Rubi 1 with a weight value of 0.152942 of all stones compared.
Data Availability
The data used to support the findings of this study are available from the corresponding author upon request.
Conflicts of Interest
The authors declare that they have no conflicts of interest.
